The role of methionine in the intracellular accumulation and function of folates.
It is suggested that mammalian cells have evolved to respond to methionine deficiency since in such circumstances vital methylation reactions are put at risk, due to decreased levels of S-adenosyl-methionine. Enzymatic changes occurring as a result of decreased methionine, S-adenosylmethionine and S-adenosylhomocysteine, optimize the remethylation of homocysteine to methionine by decreasing homocysteine catabolism and channelling cellular folates into 5-methyltetrahydropteroylglutamate (5-CH3-H4 PteGlu). The latter, in addition to optimising the remethylation cycle, directs the folate cofactors away from purine and pyrimidine biosynthesis and decreases the rate of proliferation of rapidly dividing cells thus reducing competition for methionine incorporation into proteins. Decreased cellular homocysteine, as a result of decreased methionine, would also restrict cell division by decreased conversion of plasma 5-CH3-H4PteGlu into intracellular polyglutamates. Cobalamin deficiency, either nutritional or due to exposure to the Co (I) cobalamin inactivating agent nitrous oxide, prevents the demethylation of 5-CH3-H4PteGlu, which even in the presence of adequate amounts of homocysteine and methionine prevents rapidly proliferating cells from converting enough of the plasma 5-CH3-H4 PteGlu into folylpolyglutamate forms to permit normal DNA biosynthesis and cell replication. This, together with the trapping of the cellular folate cofactors in the 5-CH3-H4PteGlu form, results in megaloblastic changes occurring in tissues such as the marrow. The vital role of the methylation reactions was demonstrated by exposing monkeys to nitrous oxide which inactivated their methionine synthetase. The resultant ataxia and severe demyelination was prevented and diminished by methionine supplementation. When methionine synthetase was similarly inactivated in mice it was shown that while 5-CH3-H4PteGlu enters mammalian cells, it is not converted into a polyglutamyl form and subsequently leaves the cell unmetabolised. In similar experiments in rats methionine was found to have only a small effect in restoring folylpolyglutamate biosynthesis, contrary to previous reports using nutritionally cobalamin deficient animals. It was found that a decrease in the deoxythymidine salvage pathway by methionine, under the experimental conditions used, has led others to the mistaken conclusion that methionine has an 'anti-folate' effect in bone marrow, i.e. that it decreases folate availability for thymidylate synthetase.